Introduction {#Sec1}
============

Idiopathic epimacular membranes (EMMs) are hypocellular, largely collagen structures caused by glial proliferation through a defect in the internal limiting lamina usually in process of posterior vitreous detachment \[[@CR1]\]. Their prevalence increases significantly with age, from \<1 % in people under 50 years to 15 % or more in those over 70 years of age \[[@CR2]\]. Treatment of EMMs includes pars plana vitrectomy (PPV) and membrane peeling (MP), with about 80 % of patients achieving visual acuity (VA) improvement of two or more lines and reduction in metamorphopsia \[[@CR3]\].

Success of the EMMs treatment is usually assessed by visual acuity test and optic coherent tomography (OCT) imaging. Multifocal electroretinogram (mfERG) has been used to investigate the physiological changes in eyes with idiopathic EMM \[[@CR4]--[@CR7]\]. The results of these studies suggested that this test can objectively show macular dysfunction not limited only to the fovea but might also be a valuable tool in predicting the postoperative visual function. However, mfERG originates from preganglionic elements \[[@CR8]\], so this test does not evaluate function of ganglion cells of the macular region. The bioelectrical function of these cells, which can be also abnormal in patients with EMMs, can be assessed by pattern PERG \[[@CR9]\]. In the available literature, only one study described macular function using PERG and focal electroretinogram (fERG) before and after epimacular membrane surgery, but with no International Society for Clinical Electrophysiology of Vision (ISCEV) standards \[[@CR10]\]. It was shown that decrease in visual acuity is related to dysfunction of preganglionic and ganglionic macular elements and that surgical removal of EMM may induce functional improvement of outer and inner retinal layers connected with increasing of visual acuity.

The goal of present study was to evaluate macular function and structure before and after epimacular membrane surgery and to estimate the usefulness of ISCEV standard pattern ERG parameters in predicting the postoperative visual acuity.

Patients and methods {#Sec2}
====================

Thirty-two eyes of 32 selected, pseudophakic patients (mean age 70.8 ± 6.7 years; 10 men and 22 women) were included in this study. The clinical diagnosis of EMM was confirmed by patient's complaints, indirect binocular ophthalmoscopy (Volk Optical +90 D non-contact lens) and OCT (an increase in macular thickness with optically hyperreflective epiretinal echoes from membrane). Patients presenting poor cooperation and with ocular and systemic diseases with known influence on the PERG results were excluded from these study.

Electrophysiological results from EMM eyes were compared with normative data obtained from 30 eyes of 15 healthy subjects. The controls were matched so there were no significant differences between age, sex and refractive errors between them and examined patients.

Before and 12 months after surgery the following examinations were performed: distance best-corrected visual acuity (DBCVA) using logMAR---ETDRS chart, foveal thickness (Zeiss Cirrus OCT, Humphrey Instruments model 3000, Carl Zeiss Inc., Dublin, California) and transient PERG according ISCEV standards \[[@CR11]\].

Transient PERG was recorded with the RetiPort (Roland Consult Instr.) system. Protocol of the PERG test was implemented in the original software of the system. Patient's pupils were not dilated, monocular stimulation was used, refraction correction was applied with respect to the eye--screen distance 0.5 m, and interruptions of the test were introduced when frequent blinking or fixation loose was observed (patient was monitored with a TV camera).

Parameters of the pattern stimulation were as follows: 21″ CRT monitor with a frame rate equal to 75 fps was used; black and white reversing checkerboard (30° Field of View) was presented to the patient, with a check size equal to 1°2′; luminance for white elements: 120 cd/m^2^, contrast: 97 %; temporal frequency was equal to 4.6 rps (2.3 Hz); and central fixation was used. Thread DTL electrode was used as active, and gold disk was placed at the ipsilateral outer canthus as reference, with ground (gold disk) electrode placed on the forehead (Fpz).

Parameters of the recording system were as follows: amplifiers sensitivity: 20 μV/div, filters: 1--100 Hz. Notch filters: off. Artifact reject threshold: 95 % (for the amplifiers range ±100 μV). Sweep time: 250 ms (time base: 25 ms/div). Average: 200 sweeps. Two consecutive waveforms were recorded, off-line averaged and then analyzed.

According to the standard, amplitude as well as time parameters of the obtained waveforms were analyzed; manual correction was applied to the automatic cursors placement. Values of all parameters were compared with the own laboratory normal values.

Surgical procedure {#Sec3}
------------------

Surgical procedure consisted of 25G three-port pars plana vitrectomy by two experienced surgeons (WL, LK) with complete removal of EMM by retinal forceps with peeling of internal limiting membrane (ILM) after Trypan Blue dye injection. After vitrectomy SF6 gas to posterior eye segment was introduced.

Statistical analysis {#Sec4}
--------------------

To estimate the differences between the mean values of considered characteristics, the t test or Wilcoxon matched pair test was used (Statistica 10 software). Correlation between preoperative PERG data and preoperative and final DBCVA were investigated using Pearson correlation analysis. A receiver operating characteristic (ROC) curve was constructed to obtain a cutoff value allowing prediction of visual prognosis. We tried to obtain amplitude of P50 and amplitude of N95 cutoff value in prediction of good visual outcome (DBCVA of 0.3 or less). The level of statistical significance was set at *p* \< 0.05.

All patients signed written consent form in regard to the PERG examination (not necessary in regular follow-up of patients after vitrectomy). The study was approved by the Pomeranian Medical University Research Ethics Committee.

Results {#Sec5}
=======

The epimacular membrane was successfully removed from macular region in all treated eyes. There were no serious intraoperative or postoperative complications.

The clinical characteristics of EMM eyes before and 12 months after surgery are presented in Table [1](#Tab1){ref-type="table"}.Table 1Clinical characteristics of EMM eyes before and 12 months after surgeryPatientAge (years)DBCVA (logMAR)Foveal thickness (µm)PERGP50 amplitude (µV)N95 amplitude (µV)P50 implicit time (ms)Baseline12 monthsBaseline12 monthsBaseline12 monthsBaseline12 monthsBaseline12 months1660.520.084382843.644.225.686.4351542520.480.125082804.996.216.046.9553543710.240.143932704.016.675.897.3951524650.520.224482703.235.535.687.9159585630.220.123542724.475.675.657.3250516700.620.246403113.974.345.655.8554537680.540.264832833.835.795.348.8156538740.640.324583183.323.985.216.1558609730.520.184242464.864.825.066.24505210760.720.385753503.784.444.835.83575511680.420.243202432.172.764.525.85555612610.480.123932792.323.314.478.85565113690.780.346532982.222.864.265.24485014660.680.326163212.283.464.145.22575515740.640.265593432.134.744.128.03545416740.480.344253082.192.964.125.62535217740.520.325243502.174.014.045.92625818740.620.366793442.113.043.914.12545719800.520.264853781.752.862.985.61605520680.560.225802881.023.172.936.07545221670.580.344473881.072.982.924.32465122840.720.425943541.182.082.584.41675923750.780.546683921.281.852.443.51596024820.640.485893861.461.982.163.94625825810.680.365873681.152.041.963.41685926630.520.325803511.481.781.944.49665827750.840.364882661.342.722.024.34646028630.740.325123821.221.771.984.28666029740.680.524562721.081.242.042.69555030730.760.464872261.431.651.872.63504731720.860.545243131.021.851.672.29635932700.640.284022931.862.472.044.945857

Twelve months after surgery, statistically significant improvement was observed in logMAR DBCVA, foveal thickness and PERG parameters (*p* \< 0.001).

DBCVA {#Sec6}
-----

Twelve months after surgery, mean of logMAR DBCVA improved significantly compared with baseline (*p* \< 0.001) and 23/32 eyes (72 %) achieved improvement of visual acuity of two and more Snellen lines. About 65 % (21/32) of eyes achieved final VA of 0.32 or less (0.5 or more Snellen).

Foveal thickness {#Sec7}
----------------

The mean preoperative foveal thickness was 509.03 ± 93.88 µm (range 320--679 µm). After surgery significant reduction in foveal thickness was obtained and was equal 313.34 ± 47.01 µm. In only one eye, foveal thickness 12 months after surgery was between normal limits (212 ± 20 µm).

PERG {#Sec8}
----

In PERG test performed after surgery, the mean implicit time of P50-wave significantly decreased in comparison with preoperative value (*p* \< 0.001), (Table [2](#Tab2){ref-type="table"}). Postoperatively, shortening of IT of P50-wave was detected in 20/32(62.5 %) of operated eyes (mean 4 ms) and in 13/20 (65 %) of eyes exceeding 5 % of initial values. Before surgery, prolonged IT of P50-wave was observed in nine eyes in comparison with range of normal values established in our laboratory (46.5--59.2 ms). After the surgery return to normal limits was seen in 7/9 of the eyes (77.7 %),Table 2Mean values and standard deviations in group of 32 eyes of patients before and 12 months after EMM surgeryTraitEMM surgeryMeanSD*p* ValuelogMAR DBCVABefore0.600.15\<0.001\*After0.310.12Foveal thicknessBefore509.0393.88\<0.001\*After313.3447.01IT P50Before56.755.78\<0.001\*After55.003.60A P50Before2.381.23\<0.001\*After3.411.48A N95Before3.751.48\<0.001\*After5.461.72The differences between means were statistically significant in all cases\* Differences statistically significant

Postoperatively, the mean amplitude of P50-wave significantly increased in comparison with baseline (*p* \< 0.001; Table [2](#Tab2){ref-type="table"}). After surgery, increase in amplitude of P50-wave was detected in 96.8 % (31/32) of eyes (mean 1.01 µV) and in 25/32 (78 %) of eyes it was exceeding 20 % of initial values. Before surgery, reduced amplitude of P50-wave was seen in 68.7 % (22/32) of eyes in comparison with range of normal values in our laboratory (3.2--11.3 µV). After surgery, return to normal values was achieved in 4/22 of the eyes (18.2 %).

Twelve months after surgery, the mean amplitude of N95-wave also significantly increased in comparison with baseline value (*p* \< 0.001; Table [2](#Tab2){ref-type="table"}). After surgery increase in amplitude of N95-wave was observed in all cases (mean 1.64 µV) and in 25/32 of eyes (78 %) it exceeded by 20 % initial values. Before surgery, reduced amplitude of N95-wave was seen in 68.7 % (22/32) of eyes in comparison with normal values in our laboratory (4.8--15.7 µV). Postoperatively return to normal values was detected in 10/22 of the eyes (45.5 %). Correlations between preoperative and 12 months after surgery DBCVA versus preoperative PERG values are shown Fig. [1](#Fig1){ref-type="fig"}.Fig. 1*Scatter plots* of preoperative DBCVA and preoperative PERG values in patients with EMM (**a**), and DBCVA 12 months after surgery and preoperative PERG values in patients with EMM (**b**). Significant correlations between preoperative and 12 months after surgery DBCVA versus preoperative PERG values were obtained

Figures [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"} and [4](#Fig4){ref-type="fig"} show ROC curves for P50 and N95 waves and preoperative DBCVA used as a prognostic factor for good postoperative DBCVA of 0.3 or less (0.5 or better Snellen).Fig. 2ROC curve for preoperative P 50 amplitude used as a prognostic factor for good postoperative DBCVA of 0.3 logMAR or less (0.5 or better Snellen). The cutoff point = 2.32 µV; specificity = 64.3 % sensitivity = 88.9 % and AUC = 0.81Fig. 3ROC curve for preoperative N 95 amplitude used as a prognostic factor for good postoperative DBCVA of 0.3 logMAR or less (0.5 or better Snellen). The cutoff point = 4.47 µV; specificity = 71.4 %; sensitivity = 88.9 % and AUC = 0.86Fig. 4ROC curve for preoperative DBCVA (logMAR scale) used as a prognostic factor for good postoperative DBCVA of 0.3 logMAR or less (0.5 or better Snellen). The cutoff point = 0.56; specificity = 83.3 %; sensitivity = 78.6 % and AUC = 0.87

The areas under the ROC curve (AUC) for A P50 was 0.81. The cutoff value for good VA was 2.32 µV (sensitivity = 88.9 %, specificity = 64.3 %).

The area under the ROC curve (AUC) for AN95 was 0.86. The cutoff value for good VA was 4.47 µV (sensitivity = 88.9 %, specificity = 71.4 %).

The area under the ROC curve (AUC) for preoperative DBCVA was 0.87. The cutoff value for good VA was = 0.56 (sensitivity = 78.6 % specificity = 83.3 %). The AUC for the preoperative DBCVA was the highest, but the difference is relatively small and statistically insignificant.

Representative PERG and OCT results of two patients with different visual prognosis after EMM surgery are shown in Fig. [5](#Fig5){ref-type="fig"}a, b. Preoperative VA for first and second presented patient were logMAR 0.52. (Snellen 0.3) and logMAR 0.64 (Snellen 0.23), accordingly. The postoperative VA logMAR 0.22 (Snellen 0.6) and logMAR 0.48 (Snellen 0.33), corresponding to 3 and 1 Snellen line gain, accordingly. Preoperatively amplitudes of P50- and N95-waves were above in the first patient but below in the second patient than cutoff values for these waves obtained from ROC curve indicating possible predictive role of electrophysiology testing.Fig. 5A 65-year-old woman with initial VA of logMAR 0.52. (Table [1](#Tab1){ref-type="table"}---patient 4). One year after surgery increase in amplitudes of P50- (from 3.23 to 5.63 µV)and N95-waves (from 5.68 to 7.91 µV) waves was associated with foveal thickness reduction and improvement of DBCVA to logMAR 0.22. *Note* before surgery, the amplitudes of P50- and N95-waves were higher than cutoff values for these waves obtained from ROC curve. 5B 63-year-old woman with initial VA of logMAR 0.64 (Table [1](#Tab1){ref-type="table"} patient 24). One year after surgery, small increase in amplitudes of P50- (from 1.46 to 1.98 µV) and N95-waves (from 2.16 to 3.94 µV) waves was associated with foveal thickness reduction and small improvement of DBCVA to logMAR 0.48. *Note* before surgery, the amplitudes of P50- and N95-waves were below than cutoff values for these waves obtained from ROC curve

Discussion {#Sec9}
==========

In eyes with EMM, the several factors (e.g., incomplete posterior vitreous detachment) may induce cell proliferation in retinal inner limiting membrane. In EMM different cell types such as astrocytes, fibrocytes, macrophages, hyalocytes were found \[[@CR12], [@CR13]\] and some of them have characteristics of myofibroblasts \[[@CR14]\]. The consequences of these events are macular distortion and/or macular edema and axoplasmic stasis. The manifestations of macular edema and or mechanical traction by EMM were reduction in DBCVA, retinal functional impairment \[[@CR10]\] and increase in foveal thickness seen in OCT what is consistent with other study results \[[@CR15]\].

Before surgery all eyes with EMM had reduced DBCVA, increase in foveal thickness and in majority of eyes (69 %) reduced amplitudes of P50- and N95-waves in comparison with normal values from the control group. The increase in IT of P50-wave) was obtained in 28 % of eyes. Visual acuity reduction correlated with the PERG preoperative parameters.

PERG derives from retinal ganglion cells and neighboring inner retinal structures \[[@CR9], [@CR16]\] not specified more precisely. The data from several investigators suggest that the N95 component of the human PERG is a contrast-related component generated in relation to the retinal ganglion cells. P50 originates partially from ganglion cells and also distally to the ganglion cells, from cells that are not yet ascertained \[[@CR17]\]. Delayed implicit time of P50-wave suggests inner retinal dysfunction distally to the ganglion cells layer.

In our study, the detection of PERG abnormalities (reduced amplitudes of P50- and N95-waves) in EMM eyes indicates that dysfunction is present in ganglion cells layer and also in the inner retinal layers distally to the ganglion cells layer (delayed IT of P50-wave). The results are consistent with of Parisi et al. \[[@CR10]\] study. The occurrence of functional impairment of outer retinal layer in patients with EMM was also documented by multifocal ERG or focal ERG in the other studies \[[@CR4]--[@CR7], [@CR10], [@CR18]\]. However, in some patients selective dysfunction of innermost macular layers was detected \[[@CR10]\]. The cause of the PERG abnormalities may be macular edema as well as traction of ganglion cells layer by EMM, leading clinically to reduction in visual acuity.

Twelve months after surgery, significant increase in DBCVA, reduction in foveal thickness, increase in amplitudes of P50- and N95-waves and decrease in P50 implicit time were observed (Table [2](#Tab2){ref-type="table"}). Seventy-two percent of eyes achieved visual acuity improvement of two and more Snellen lines. About 65 % of eyes achieved final DBCVA of 0.32 or less logMAR (0.5 or better Snellen). The obtained results are consistent with results from other studies that reported success rate of 70--80 % after surgery estimated by VA improvement \[[@CR18]--[@CR20]\].

The postoperative mean foveal thickness was reduced but was still higher than upper limit of normal value what is with agreement with other study results \[[@CR21]\].

In PERG test, in the majority of operated eyes (78 %) the most prominent change was significant \[[@CR22]\] increase in P50- and N95-waves amplitudes exceeding 20 % of initial values. It is worth noting that most often postoperative improvement of N95 amplitude was achieved (45.5 % of eyes). In patients with initially prolonged IT of P50-wave, shortening of IT was observed in 78 % of eyes, postoperatively. Postoperative DBCVA significantly correlated with the PERG preoperative parameters (Fig. [1](#Fig1){ref-type="fig"}).

The results of our study suggest that significant improvement of DBCVA, reduction in foveal thickness and improvement of PERG parameters were associated with postoperative partial restoration of macular structure and function (reduction in edema and mechanical traction of ganglion cells and their fibers by EMM). It seems reasonable to conclude that innermost retinal layers may have significant influence on macular function recovery after pars plana vitrectomy with EMM and ILM peeling. Our results are consistent with the results Parisi et al. \[[@CR10]\].

ROC curves for amplitudes of P50- and N95-waves were used to establish cutoff values for good postoperative DBCVA of 0.3 or less (0.5 or better Snellen), (Figs. [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"}).

The areas under curve (AUC) (commonly used predictor for postoperative acuity) were statistically significant when amplitudes of P50- and N95-waves were evaluated and indicate that these parameters may be useful to identify patients with favorable visual prognosis in clinical practice. Although, the AUC for preoperative DBCVA (Fig. [4](#Fig4){ref-type="fig"}) was higher than for PERG amplitudes, but the difference was not statistically significant and it may be affected by limited group size. To eliminate the bias, further studies with a larger number of eyes should be conducted.

Many prognostic factors for postoperative visual acuity after EMM surgery were analyzed in previous studies \[[@CR21]\], but only preoperative VA was the variable consistently associated with postoperative VA. In these studies, IS/OS integrity in OCT was probably associated with postoperative VA. It was possible that severity of metamorphopsia, cone outer segment tips integrity and fundus autofluorescence also influenced postoperative VA. Central foveal thickness was a variable not consistently associated with postoperative VA. The studies with adequate methodological quality are necessary to confirm these findings. We think that PERG parameters should also be included in the overall prediction model as it has been shown that multiple regression models including both presurgical acuity and PERG amplitudes P50 (*R*^2^ = 0.65) or N95 (*R*^2^ = 0.67) explain better postsurgery acuity (in 65 and 67 %, respectively) than simple regression with: presurgery acuity *R*^2^ = 0.55; or presurgical PERG amplitudes P50 *R*^2^ = 0.46 or N95 *R*^2^ = 0.53. Although presurgical visual acuity remains slightly but statistically insignificant), stronger predictor of the postsurgical acuity compared to PERG amplitudes, PERG amplitudes have also significant predictive value and application of both parameters presents better predictive value as shown in example presented in Fig. [5](#Fig5){ref-type="fig"}a, b.

In conclusion, removal of idiopathic epimacular membranes with internal limiting membrane peeling not only provided visual acuity increase and reduction in foveal thickness but also was a cause of innermost retinal layer function improvement in macular region. Pattern ERG test might be a valuable tool in predicting the postoperative visual acuity.

Further study with larger group of patients should be performed to confirm our presented results.

Conflict of interest {#FPar1}
====================

All authors certify that they have no affiliations with or involvement in any organization or entity with any financial interest (such as honoraria; educational Grants; participation in speakers' bureaus; membership, employment, consultancies, stock ownership or other equity interest; and expert testimony or patent-licensing arrangements) or non-financial interest (such as personal or professional relationships, affiliations, knowledge or beliefs) in the subject matter or materials discussed in this manuscript.

Ethical approval {#FPar2}
================

All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.

Informed consent {#FPar3}
================

Informed consent was obtained from all individual participants included in the study.

Statement on the welfare of animals {#FPar4}
===================================

All applicable international, national, and/or institutional guidelines for the care and use of animals were followed.
